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CUMMAUY 


'l'li(*ni)al eliiaioncy testa were conducted on a Ying collector 
which previously was used in weather exposure evaluations. 

The LoHtod collector had experienced visible deterioration 
or the absorber coating mat rial in the weather exposure 
evaluation. The weather exposure evaluation was conducted 
on the Marshall Space Flight Center Solar Facility Test 
Bed N during the period between June 1, 1977, and August 26, 
1977. 


It was mutually agreed between IBM and Wyle that thermal 
efiicioncy evaluations would be conducted on the subject, 
collector and that the incident angle modifier and thermal 
response tests were not required. Complete thermal per~ 
formance tests were not justified since the collector was 
not designated as part of the IBM field test demonstration 
systems. Results of thermal efficiency evaluations are 
shown graphically in Figures 2 and 3. 

PUUPUSB ’’ 

The purpose of this report is to present the test procedures 
used and the test results obtained during an evaluation test 
program. The test program was conducted to obtain thermal • 
efficiency performance data on a Ying double-covered solar 
collector under outdoor conditions. These tests were con- 
ducted at the Marshall Space Flight Center Solar Heating 
and Cooling Test Facility Test Bed #4. Thermal efficiency 
tests were conducted and data were evaluated according to 
methods of Reference 2,1. 

REFliRENCES 

ASHRAE-93-77 Method of Testing to Determing the 

Thermal Performance of Solar Collectors 

COLLECTOR DESCRIPTION 


Manufacturer: Ying Manufacturing Corp. 

Manufacturer's Address: Gardena, California 

Mt>doJ Numbox: GP4120 

Serial Number; N/A 
Type: Flat plate 

Working Fluid: 50% by volume water/Prestone antifreeze 

solution 

Gross Collector Area, ft^: 50.35 
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COLLljCTOll DKSCRIPTION (Continued) 


Ovornll external dimensions: 

WiilUi, inoh(!H; <59.75 

l)(‘injlh, i.ncluiu; 1<55.75 
'I'll I oknuMS , inches: 4.95 

Aperture area. 

Ct^': 46.67 

Col lC‘Cl;or ijlaxintj ; 

Double, L)V stabilized G.E. Lexan (.010" thick) 
Absorber Plate: 

Aluminum plate mechanically attached to 1/2" diameter 
stainless steel huoes spaced 5.3 inch centers. The 
absorber coating is Dunn Edwards W20 1-20 Flat Black 
Coating (rt'=.93,(;| = 0.9). 

1 

Weight, lbs: 


Full: 115 

Empty: 105 

Manufacturer's Assembly Drawing: 

Manufacturer's drawing not available. 
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Ij.o 

5.1 


■l‘KST CONDI Tit)Nn AND T K^iT KUUIPMUNT 
Ambiont Conditions 


Thermal performance tests were conducted in the existing 
natural environment at the MSFC Solar Heating and Cooling 
Test Facility. 


5 , 2 instrumentation and Equipment 


Test equipment used in the performance of this test pro- 
gram comply with the requirements of MSFC-MMI-5300 . 4c, 
MuLroloqy and Calibration. Instrumentation locations on 
l.ho tost loop and the collert-or are depicted in Figure 1. 
A (loner Lptlon of the equipment used in the test program 
Is provided below. 


Apparatus 


l.'iatinum Uoaistanco 
Thermometer 

Pyranometer 

Liquid Loop 

Directional Anemometer 
Flow Met(jr 

4 

Platinum Ueaistance 
'I'lxermometor 

pj r Corent la 1 ;* res sure 
Transducc'r 

All transduce rs wiih bluj exception of the Bppley PSP pyranoraeter 
uHod in recording test data are calibrated by either NASA or AMC 
calibration laboratories as required by MSFC MMI 5300, 4C. The PSP 
pyranoincter was calibrated by the manufacturer. The stated accuracy 
of individual transducers reflects the overall expected accuracy 
through the data acquisition system. 

5 . 3 Data Systems 

'rest data obtained during tests were transmitted 
from the tost site through primary data acquisition 
system #1 to the real time data link and the DDP-224 
computer located in Building 4646. A separate data link 
between Building 4646 and the test site provides for 
printout, of real time data at the test site. 


Manuf acturer/Modol 

Supplied by Collector 
Manufacturer 

Eppley - PSP 

MSFC Supplied 

Supplied by AMC 

Foxboro/1/2-2 81T3C1 

lly-Cal 

Statham 


Range/Accuracy 
0-3q0°F i 0.5“F 

0-800 BTU/Pt2-Hr db 3% 
.1 - 1.3 GPM 
0-30 MPH 
.1 - .91 + 1% GPM 
0~500®F i. 0.5°F 

0-10 PSID t 1% 
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TK!;t CONlJl’I'nj NS a nd biOUlPMKNT (Continued) 

l )iU.ti ;iy t U.(MiiM (Continued) 

'I'ho eiul-l.o-ond accuracy of data derived from system 
to/Jtintj is subject to an error analysis which accounts 
for nil i.naccuraci'^c in the transducer signal condi- 
tioning, signal transmission and computer processing 
motliods. Since a formal systems error analysis will 
not be done, confidence in printout accuracies was 
established by installing calibrated "parallel" trans- 
ducers and direct readouts at key points in the system 
and performing comparison checks from time to time 
before, during and after tests. The results of such 
checks together with a review of the data for anomalies 
will indicate that the data presented is suitable for 
the purpose intended. 
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6 . 1.1 


6 . 1.2 


'i;i'iMT iu :guiniJMKNTS and puocmjuims 

(‘oUocLor 'I ’lujmal HECicioncy Tesb 


‘I’oiitiid Hy flurb llendoraon 


Htartod 

February 20. 1978 

Completed 

March , 1978 


Roqulroroenba 


Utilizing tlia MSPC portable liquid loop, parame^Tic per- 
formance evaluation data shall be recorded of tha follow- 
ing test variables and conditions. The heat transfer 
fluid will consist of a 50% by volume solution of P'restone 
antifreeze and water. 


Variable/Condition 

(1) Collector inlet liquid 
temperature differential 
above existing ambient 
temperature level 


(2) Collector outlet liquid 
temperature 

(3) Incident solar flux level 


(4) Liquid flow rate through 
the collector 

(5) Wind speed 

(6) Ambient air temperature 


Requirement 

At least four different 
values of inlet tempera- 
ture to obtain ( An \ in 

\ i / 

the range of 0.1 to 0.4. 
Measured data 


Greater than 200 BTU/ 
Hr -Ft 2 ®F 

380 and 680 lbm/hr*ft2 


Less than 10 MPH 

The range of ambient 
air temperatures for 
all tests shall not 
exceed 54°P. 


Procedure 


1. Mount teat specimen on the test support at a 45° 
angle with reference to the horizontal, 

2. Assure that the solar insolation angle is within ±. 15° 
of the collector normal at initiation of tests. 

3. Insulate all liquid lines. 

4. Connect instrumentation leads to data acquisition 
system 'in accordance with Table I. 
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6.0 

6..1 

6 . 1.2 


6.1.3 


TH.S T .RKQ U I RliMKNTS AND P ( Coni. 3. n up (1 ) 

C pllft o bgr I Miprina l Kli:i p5 enc y T ojj_fc {Coni. Inuod) 

Pro cGcl urG (Continued) 

5, Assure that data acquisition system is operational. 
Perform sensor accuracy verification tests. 


6 . 

7 

8 
9 


Start liquid flow loop and establish the required 
flow rate. 

Establish the required inlet temperature. 

Record data for a minimum of five minutes at these 
stabilized conditions. 


10. Repeat Steps 7 th <uqh 10 as necessary to complete 
all the required test conditions with independent 
tests to cover the range of the test parameter 


from 0 . 1 to 0 . 4 . 

11. Upon completion of testing, power down the liquid loop. 

12. Inform data control group that operation lias terminated. 


R esults 

The data obtained during thermal efficiency testing are 
presented in Tables I and II. Analyses wdre performed 
using this test data to determine the collector thermal 
efficiency according to the methods of Reference 1. 
Thermal efficiency of the collector is plotted in Figures 
2 and 3 versus the test parameter TTi^f - Ta "| for the 
two fluid flow rates. L r J 
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Bvn 


0 


AUAi.v;; I j; 


\ 


*l‘l'(*niu»l P«»i ruiiniinfa TcfJU 

4 

‘I'Ik* oiialyin-'i «>C » 1.»1 *i c(^i»l .n JU'd in tlii« report is in 
,u-c«)Ml.in«'o witJi llio NijI lonnl ) 3 in;nmi of Stiindards recom- 
iiumkIjmI appronoh. This nppronoh is outlined ) 5 elow. 

Till' (Mricieney of a eollector is stated as: 

, I" '^t.C (’■f,e - 

£ I ■’ ^ ^ 

wh(* I e : 


(Kj * /«ite of useful energy extracted from the 

nolar Colled or (M'U/Hr) 

Pi ■> rii'ojjs colled or area (Pt^) 

t « 'Polal siolar rmorgy incident upon the plane of 

I he Jiolar col loci or per unit time per unit 
•li e a (liTU/Ur ‘ Pt^) 

m * Mtis'» flow rote of the i.ransfer fluid through 

the collf’dor per unit area of the collector 
(I,hin/Pt^*Hr) 

|T » npecific heat of the transfer fluid (BTU/I.*b • “F) 

Tf = Teiriperai uj.e of the transfer fluid leaving the 

collector i“F) 

'£f,i " Tomperalure of the transfer fluid, entering the 

collector (®P) 


l^uwiiling Pquetion (1) in terms of the total collector 
0 1 ('ll y i »* 1 d: 


?L 


(inA)Ci_f ~ ^ *^^tf (^f/G *^f/i) 


( 2 ) 


(lA) 


No I i cc f h«it : 


( I A = 'Pot at Power Tneidont on the Collector. 

liiA ■ M •• 'Potol Moss f'low note through the Collector. 

Tilt'll' Toro M Cj,jt(T£^q - Tj :: Total Power Collected by 
I he Co 11 eel or. ' 
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7.0 

7.1 


ANALVS 1 ( Can 1‘ ^ )l u(ul) 

Thi.'x i!ial P(»r foijnanco t t (Co)iHnm*d) 
fiulinl.i I \)l i on in Kqual.i r»n (2) icv^uHts in: 

I’inc 

* 

whore: 


( 3 ). 


Piiba i Tolal co3 Ic'clcd power 
Pine •- Total incident', power 

Tliio value of elficie'jicy is expressed as a parcenUage by 
imjltipLying by 300. This expression for pGicenU efficiency* 
i.s : 


CoUf'etor Elficiinicy -- x 300 . (4) • 

or fM>m Kqu.it j on (2)/ ef^lloclor efficiency is defined by 
the equation: 


Z b’f. f. 


■ ^ M cui: ('rr,e - ^ 


?3.-ich ienn in Kqu.ifion (S> was moasvued and recorded inde- 
pi'ndenfly duiiny iiie te.s' , The calcuiatod values of 
elficiejicy were dciLeiiiiinod .it sixty -second intervals. 

The mean value of efficituicy was deLaimined over a five- 
ininuie period duiing which the tost tnnulitions remained 
in a qua si- steady state. E.ich five-jninute period con- 
stitutos one "data point" as is graphically depicted on 
a plot of percent efficiency versus 

.(e'i-'O/i) 

where: 

. T^ Fluid inlet teniperature C°F) 

'fa ' Ambient tejiiperatui e (°F) 

X " Incident flux per unit area (BTU/)lr -Ft^) 

Tlie .ibscissa tcvirn ii'Vx " T.i) /O normalize the 

effect of operatiixg .Jt dilferent valvies of 1/ Tj_ and Tjj. 
The' results are found in Figures 2 and 3. 


The result of second order polynomial analysis is shown 

In Figures 2 and 3. The second order polynomial to best 
descjibe tlie^ tost I'esulLs is: 
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Tout (Continued) 


7.0 

7.1 


ANAI.YMM} (Conkinmul) 

-«.i* • ^ 

I’or rormanoo 

wlioro; 

T =■ (tl - tj) 7 

and the cnefficientc are determined to be: 


Flow Rate (Lbm/hr) 


ao 

n 

^2 


380 


56.08 

- 59.84 


680 

59.71 
- 89,37 
- 7.96 


ORIGINAL PAGE IS 
OP POOR QUALITY 






* ' Volumetric Heat = (Spt,cifi.c Heat) • (Specific Gravity) 

** To = Tjt Q " Temperature of the transfer fluid leaving the collector, (a 
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Revision A 


TAHL* M 

YTNG fiOliAU COIiljKCTGR THK *AL RFFICIRNCY ThST DATA 
WITH FLOW UATK OF 680 LB. /HR. WATER/ FRHBTOWK SOLUTION 



m 

■ 

I 


_1.3_ 

iiJ. 

1.3 

1.3 


^.3 




^84 3 

.843 


60 

.•060 
. 86 S_ 
__^865 
.86 8 


L. ..- 876 , 




- i 
0. 

J7... 

6 

_...45.: 

8. 

....44.^- 

,0^ 

45, 

-.5 

^ 46. 

.6. 

_. .51- 

.3 

SI^ 

.5 

51. 

.5 

..J.h 


„S2. 

.2 

_ 35. 

.2- 

3.3, 


. 2 . 89 ... 4 _ . 13 ,.i, 

.313....6. 13 ^^ 

li., 3 _ 

328 ,. 4 _ J .3 

304.8 .12^8. 

319.4 J-3 .2.. 

3 27.2_ _J.1.0^ 

331.0 12.7_ 

307.9 8^.„1 

337.0 ^._4, 

.. 35 . 0 ..Q»J-^- 7-0 


/ X* X 
X° X" Y 

„ ^0 85__51.,i_ NW/9_ 
. 5.4 0„6.1_.. _5-3U4..., JSW/9- 

L 4 . 3 _ 1 39 4 8 . . 7 , J NW/iL. 


.0 85 

-.0-6.3. 

,.*JL 39 -. 

.3-33 

-.151 

.230 


,. 18 .. 7 ,--!NW/iL 
_ 45 . 6 ... NW/ 9 - 
,„. 16 -r. 6 _,S\VZl. 
...4 5...8^.,S/J.-_ 


^- 230 -- „37 SEX 2 _ 

.20 8_ , J2 .J_;^ SE^ 

X15— - 30.9 ..sXQ_ 

...31 7_ — 2 9, .. !L- . 

.,.45-0- 2Q..3-1nW/'.4. 


‘Volumetric noat - (Spucifio Ilaat) ■ (Spucific Gravity) 

‘TO = Tj,„ = to.poraturQ of the transfer fluid leaving the collector 


f age la 
£® POOR QUALma 


Q -I' 1 <ii i iiuiti iUmi i HlfUjco Thermometer 

O -'L'hormcjcoaplo Type T 
O - 15olnr Flux (total PSP) 

A " Flowmeter 



Fiyuro 1. Instrumentation Locations for Ying Collector Test 
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‘ “ Ta)/I, “F-Hr-FtVBT'a 

Figure 2. Thermal Efficiency of Yi„g Collector with 380 Ib/hr Flowrate 




